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APPENDIX IV.

METHOD OF MAKING HEAT RUNS FOR TEMPERATURE

RISE.

The final temperature rise in all cases was obtained by
running the plant for intervals of time sufficiently long
to reach the desired state, keeping the working conditions
as constant as possible throughout these intervals. The
plant is not of large capacity, and from three to four hours
was found long enough to reach the first steady point
for some particular value of the load current with the
maximum amount of air possible for accurate measure-
ments (7 cub. ft. per sec). When this final rise had been
reached the amount of air was cut down by about 1 cub. ft.
per sec, the load being kept constant, and the next rise
was obtained.

This run would occupy about i£ hours, and was imme-
diately followed by one with less air, and so on until the
final rise was as high as that required, this process being
repeated for different values of the load current.

Theoretically, the time required to reach the final rise
is very great, but the observations were carefully made
when approaching the steady state, and may be taken
to be within 1 per cent of the true values.

On a few of these runs the method suggested by Dr.
S. P. Thompson for estimating the final temperature rise
was tried. On eliminating the preliminary " kick" by
drawing a fair curve through the points obtained, the final
estimated rise was in every case practically identical with
the actual observed final rise.

APPENDIX V.

. , „ MEAN TT
METHOD OF OBTAINING THE RATIO VELOCITY.

CENTRE

Assume the air pipe divided up into narrow annular
rings of equal length.

Let x = width of annular rings,
R = radius of air pipe,
V = mean velocity of air through pipe,
v = mean velocity of air through one annular

d = mean diameter of this annular ring ;
then IT dx = area, of annular ring,

irdxv= quantity of air through annular ring,
•K x 2 d v = total quantity of air through pipe,

7T R2 = area of air pipe,
J IT x d

a n d V = R 2 R " -
That is, the mean velocity is obtained by summing the

products rr v and dividing the result by the number of

annular rings.
The air pipe was divided into 10 annular rings, each

0*385 in. wide, in these experiments.
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DISCUSSION.

Mr. Frith. Mr. J. FRITH : The whole subject of air-cooling interests
me very much, and I think that it will become increasingly
important. Though the air-cooled transformer is rather a
thing of the past, the oil-cooled type being so much better
for high-tension work, a great deal of the information given
in the paper can be applied to air-cooling of other electrical
apparatus, and I am convinced that in a few years the idea
of running a machine in the ordinary atmosphere of the
engine-room will be looked back upon with surprise. So

much is now known about commutation that the limit Mr. Frith,
of the output of the continuous-current machine is no
longer a question of commutation, but almost entirely one
of temperature rise ; and to run a machine without proper
ventilating ducts seems to me to be blameworthy, since a
much greater output can be obtained from a machine
where proper provision is made for ventilation. It is
possible that we may eventually adopt a suggestion that I
made some time ago, of compressing the air outside and
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Mawson.

Mr. Frith, let t ing it expand into the case of the machine. This seems
to me to carry the heat away in a controllable form. Mr.
Cramp, who is very interested in that part of the paper
dealing with air velocity measurements , wished me to con-
gratulate the author on the use of baffle plates. T h e
resulting curves given in Fig. 6 are exceedingly good, and
the very regular velocity curves across the tube up to the
sides are very good experimental results, and they have
advanced the science of air measurements very consider-
ably. It was always a trouble to measure the unequal
velocity across the air ducts, and the baffle plates seem to
do their work admirably. I see that the author finds the
coefficient of the ratio of the mean velocity to the velocity
at the cent re to be something over 0*9. There , I think,
Mr. Cramp would agree with him. Most authorities place
the coefficient somewhere between .0*6 and 0*9, but Mr.
Cramp's results give a value of about 0*9. T h e fact that
the two Brabee tubes of such different sizes give such a
near approximation is rather extraordinary ; I should have
expected this to be much more influenced by the diameter
of the air tube.

Mr. Mr. H. MAWSON : I am particularly interested in the first
par t of the paper, namely, that dealing with the measure-
ment of air quantities. Only quite recently I have been
carrying out a series of experiments on a fan where it was
necessary to measure the quantity of air discharged. T h e
Sirocco fan was of 1*5 h.p. and ran at a normal speed of
900 revs, per min., but unlike the one used by the author it
discharged into a square duct 10 in. by 10 in., and in order
to find the amount of air flowing it was necessary to con-
nect the mean velocity of flow with the velocity measured
at the centre of the duct . For this purpose a Pitot tube
very similar to the Brabbe tube employed by the author
was used, but the manometer was different, being a sloping
tube at an angle of s i n ^ o ' i with the horizontal, thus giving
a magnification of 10 upon the ordinary water U-tube.
A further magnification was obtained by using paraffin of
density 0*825 > this was found to flow more freely, in, and
did not stick to the walls of the tube, which was of about

T
X

T in. in bore. This manometer worked well and gave
satisfactory results. In finding the mean velocity across
his circular duct the author has confined the movement of his
Pitot tube to one diameter, assuming—which in the case of
a circular duct is a fairly legitimate assumption—that what
occurs on one diameter occurs on all diameters. Wi th a
square duct, however, no such assumption could be made,
as the corners produce a marked effect upon the velocity
of flow in their region. In order to get over this difficulty I
had a tube constructed so that it could move both horizon-
tally and vertically, and could be placed in any position
over a half-section of the duct. T h e method which was
followed was first to traverse with the tube a vertical line
passing through the centre of the duct, taking readings of
the velocity heads at a number of points along this l ine.
T h e tube was then moved a convenient distance to one
side of this line in a direction at r ight angles to the direc-
tion of flow, and a number of readings were again taken
along a vertical line. In this manner the half-section of the
duct was covered and in all 120 different readings were
taken. On each of these vertical lines as a base the
velocity heads were plotted and the mean was found for
each line. These mean values were then plotted along
another line taken at r ight angles to the direction of flow,

and were set up at distances differing from one another by Mr.
the distances apart at which the vertical lines traversed by Mawson.
the tube had been taken. T h e mean of this curve
was estimated and hence the velocity head over a half-
section of the duct was obtained. T h e square roots of all
the velocity heads measured was found and these were also
plotted in a similar manner , the mean value then being
determined. This last result gave an indication of the
mean velocity in terms of the velocity at the centre, and
the former result gave the value of the mean velocity head
compared with the velocity head measured at the cent re
of the duct. In the experiments referred to it was neces-
sary not only to vary the speed of the fan but also its out-
put, and it was customary in fan experiments to separate the
energy of discharge into two parts, one being that utilized
in overcoming the static pressure head and the other that
used in creating the velocity head, and it was for this latter
purpose that the mean velocity head was calculated. In
order to get smooth curves it was necessary to resort to
baffling, but the mesh which was used was much more open
than that used by the author and had only 100 meshes to
the square inch. W h e n the fan was running at the lower
speeds and the velocity of flow was ismall, very smooth
curves like those shown in Fig. 6 were obtained, and for
these cases it was found that the mean velocity of flow was
0*92 of the velocity as measured at the centre of the duct.
The mean velocity head was seen to be 0*855 of the velocity
head measured at the centre . At higher fan speeds and
greater velocities of flow, even with the baffles, the smooth
curves were not obtained, but curves more like the upper
one in Fig. 7B were found. Having noticed in some tests
on fans that instead of finding the mean velocity head in
order to obtain the kinetic head some experimenters had
taken the square of the mean velocity to obtain this value,
for curiosity I worked out the two values. The mean
square value gave a coefficient as stated of 0855 and the
square of the mean value one of 0*846; the latter though
scientifically incorrect was not very far in error. The author
apparent ly was in the fortunate position of being able to
destroy some nine-tenths of the energy of his fan in order
to get the remaining tenth steady, for excessive baffling was
like putt ing a high resistance in the circuit. If his object
had been to test the fan this could not have been done, for
he would have destroyed most of the energy in order to
obtain steady motion. In the testing of fans I believe that
as steady flow cannot be obtained without a great deal of
baffling, a better method would be to discharge the air into
a large box where its velocity would be destroyed, and
then allow it to flow through an orifice where at the same
time the difference of pressure head on the two sides could
be measured. Provided the cross-sectional area of the
orifice was less than i/2oth part of that of the box, consistent
results could be obtained.

Mr. C. C. ATCHISON : I notice that on page 563 it is stated Mr.
that two transformers are cooled by air passing through a A t c h i s o n #

single d u c t ; apparently that air has also been cleaned with
some apparatus at the entrance to the duct. I have recently
had to deal with this question in connection with air cool-
ing for generat ing plant when installing one cooling plant
for three different machines. At the time when this matter
was first considered the air passing through one cooler and
along a number of ducts to the individual machines seemed
to be satisfactory, but lately there appears to have been
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Mr.
Atchison.

some trouble in certain cases on account of the machines
nQ£ taking the same amount of air. If all three machines
are working, each drawing equal quantities of air, every-
thing operates satisfactorily, but if one of the machines is
not taking the same amount of air as the others, or if only
one machine is working, the eliminator plates may not
then be thoroughly effective. In order to get over this
difficulty it is found necessary to carry division plates not
only through the eliminator section but also completely
through the whole filter. There are a number of types of
machines arranged for air cooling and cleaning purposes,
and the process of first "fogging" the air and then taking
the waste moisture out of it seems as if things are being
done twice over. If the air can be washed without fogging
it very much there is considerably less need for the
eliminator plates, and there is less likelihood of getting
free moisture carried through to the generator. Two people
hav*. to be dealt with, the manufacturer of the generator,
who cannot allow any free moisture in his machines,
and the manufacturer of the air-cleaning plant, who has to
put water into the air and then take it out. I have tried to
get some standard form satisfactory to the generator manu-
facturer, and to which the air-filter maker could reason-
ably conform, and after going into the whole subject very
carefully I feel that there is some uncertainty. It does
seem fairly safe, however, to say that if air is to be led into
a generator there is a certain margin of safety owing to the
temperature of the generator tending to vaporize any
small excess of moisture. I am not enthusiastic about
forcing air through generators, but in some cases it is
impossible to avoid bends in the ducts and to restrict them
to reasonable lengths ; a supplemental fan then becomes
absolutely necessary. Mr. Frith said that air-cooled trans-
formers were not going to be used. I think, however, that
this remark needs modification ; for smaller sizes I see no
necessity to install oil-cooled transformers, but larger trans-
formers placed in the sub-stations of supply authorities
may very well be oil-cooled ; whether it is advisable to
place them on consumers' premises unless in a separate
building is a matter which I think requires consideration.
In any case, if the oil is cooled by water circulation I
should prefer to draw the water through the cooling coils
than to force it through, as any leakage in the latter case
would tend to put water into the transformer casing.

Dr. Worraii. Dr. G. W. WORRALL : I have been much interested in
that part of the paper dealing with " fogged " air. There
is undoubtedly a future before this system of ventilation,
more particularly in the case of turbo-generators, as it not
only ensures the air being thoroughly clean but also
increases its cooling properties. There must of course be
no loose water about, and the question whether the change
of pressure and the temperature of the air in passing
through the machine would cause condensation must be
studied. Although it is generally considered that the
presence of water vapour is detrimental to the windings,
I do not think that the injury results from the water
vapour so much as from what it carries. The chemical
vapours usually associated with a moist atmosphere are
very injurious, and exposure to them even for a short time
does untold damage to the windings of an electrical
machine. I have, however, known a case in which some
large machines stood for two years in a moist atmosphere
and had an insulation resistance of zero yet suffered no

injury whatever, but the situation was free from all Dr. Worrall.
chemical fumes and the water vapour was pure. It is of
the utmost importance that the air be cleaned in some
way, as with the forced ventilation obtaining in modern
turbo-generators the ventilating ducts are soon choked if
the air is at all dirty.

Mr. K. M. FAYE-HANSEN : The author claims very re- Mr- Fay«-
markable accuracy for the differential manometer which he
uses. I do not quite see that he can expect to obtain this
accuracy when he has calibrated the apparatus by means
of an ordinary U-tube manometer, as he cannot expect
then to get a higher accuracy than such U-tube mano-
meters give. I have also made a number of air tests with
the same type of manometer as that described by Mr.
Frith, and I have found this to act very well indeed^ As
to the ratio between the velocity at the centre and the
mean velocity, looking at the curve I think that a mistake
has been made. Taking the area of curve A, Fig. 6, I
find by means of the planimeter that the ratio between the
area of this curve and the area of the rectangle enclosing
it is approximately 0*97. To obtain the ratio between the
mean and the centre velocity, however, one has to plot a
curve showing the products of the velocities and the cor-
responding radii as ordinates, and the radii as abscissa?.
The ratio between the area of this curve and that of a
similar curve with the velocities of the air at the centre
multiplied by the radii as abscissae gives the desired ratio
between the mean and the centre velocity. In this way it
will be found that according to curve A the ratio between
the mean and the centre velocity is approximately 0*94 and
not 0*972. I think it would be useful if the author in his
repiy would correct all his figures for this ratio in the way
indicated. It would show still more clearly the improve-
ment obtained by fitting baffles. It is very interesting
to notice the large difference between the temperature
measured by a mercury thermometer, by a thermo-
couple, and by the toluol thermometer. I have some-
times measured such differences, but have never found
them so large. In this case the thermometer is of course
between the high- and the low-tension coils, and therefore
in the strongest leakage field. I should not expect, how-
ever, that this field in such a small transformer would be
sufficient to explain the discrepancy if the mercury bulb
is not exceptionally large and its contact with the coil
rather poor. In regard to the curves showing the tem-
perature rise for "fogged" atmosphere, I should like to
know whether the temperature rise above the surrounding
air was taken before or after the latter was " fogged." From
the figures given I believe that it must be above the tempera-
ture of the air before it was " fogged," and that the reduc-
tion in the temperature of the incoming air has not been
considered, so that the fogging has been credited with
the reduction in the temperature of the incoming air
due to this air becoming saturated. I do not, generally
speaking, think that fogging increases the rate of cooling
sufficiently to make its use worth the risk for high-voltage
apparatus. One only obtains an increase in the rating of
about 10 per cent, and the same increase in the cooling
effect can be got by forcing slightly more air through. In
addition there is the comparative cost of the two cases,
and the risk of getting moisture on the windings which
are under pressure, and thereby causing surface break-
down of the high-voltage apparatus. Of course, I do not
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Mr. Faye-
Hansen.

Mr.
McKenzie.

Mr.
Bristow.

now refer to washing the air and drying it afterwards so
that there is no free moisture when the air is carried into
the machine. In this way we get the advantage that the
air is somewhat cooler and cleaner and we have not the
risk of getting the free moisture on the windings or other
live parts. The constant K referred to on page 569 is only
another way of expressing what was stated in Messrs.
Symons and Walker's paper,* that the cooling effect of
the air is proportional to its speed. It comes exactly
to the same thing. The only difference is that Messrs.
Symons and Walker's statement can be applied for some-
what wider limits. If we take a case where the amount
of air flowing through is very small, so that the amount of
heat which the air takes is not large compared with the
amount carried away by radiation, K will be far from
a constant. If the amount of air is large compared with
the section through which it has to pass, K is not constant
owing to the amount of heat which is being put into the
air to force it through the machine. The expression given
by the author must therefore be used with great caution
if trouble is to be avoided.

Mr. A. E. MCKENZIE : A previous speaker may have
given the impression that it is very unwise to install
one common wet-air filter for several machines. This may
be true of some wet-air niters, but it is certainly not true of
them all. The station with which I am connected has
installed a wet-air filter which is dealing with 50,000 cub.
ft. of air per minute, and the wet-air filter is always in
circuit whether there are three machines running or only
one ; the only thing one has to be careful about is to see
that a certain portion of the filter is put on, or shut off,
whenever the number of machines running is varied, so as
to keep the velocity of the air passing the baffle plates
constant. I make these remarks because I feel sure that
the wet-air filter will shortly displace all the dry-air filters.
There is very little difference in the first cost, but the cost
of upkeep of the wet-air filter is very much smaller.

Mr. W. A. BRISTOW : I should like to ask the author to
explain more fully the effect of the initial temperature on
the temperature rise. He states that " the temperature
rise of the transformer is independent of the temperature of
the inlet air within ordinary limits." Does this mean the
ordinary limit of variation which is found in this country,
say I5°C, or were experiments made with air artificially
heated so as to reproduce the conditions prevailing in the
tropics, where it is sometimes necessary to deal with initial
temperatures as high as 1200 F. ? It has become increasingly
necessary in recent years to have some exact data on this
point as many very large generators and motors are
designed for service in India and other hot countries, and
if the author has any exact figures with regard to this
matter they would be of great interest to designers. As
showing in a practical manner the relation between air
cooling and output, I should like to mention a case where
an enclosed ventilated generator was being tested in the
presence of the buyer's consulting engineer. At 5 o'clock
the 6 hours' full-load run was complete and 25 per cent
overload was put on for 2 hours. The consulting engineer
was considerably astonished to find at 7 o'clock that the
temperature was much lower than the temperature at
5 o'clock. A somewhat minute examination of the arrange-

• H. D. SYMONS and M. WALKER. The heat paths in electrical
machinery. Journal I.E.E., vol. 48, p. 674, 1912.

ments showed that the engineer in charge of the test, Mr.
being anxious to show the best results, had led a small Bnstow-
branch from the firm's compressed-air system into the
machine. He overlooked the fact that when the rest of
the works was shut down at 5 o'clock the air-cooling
arrangement would greatly increase in efficiency, hence the
somewhat startling result.

Mr. J. L. THOMPSON : I should like to know why a core- Mr.
type sandwich-winding transformer was used. In my ThomPson-
opinion it is the most unsuitable type that could have been
chosen, since judging from the shape of the coil a
minimum coil surface is obtained for a given volume.
In practice it is found that shell-type transformers having
a large number of coils each with a maximum practicable
surface and with distance pieces between the coils give
the best results. If it were necessary to use a core-type
transformer, then a concentric winding would have given
more useful results; for this type would allow air ducts
to be provided between the primary and secondary
windings in the same direction as the flow of air, and '
also between the secondary winding and the core. This
type would give a much greater area in contact with the
flowing air, and somewhat different results as regards the
temperature of the coil surface would have been obtained.
With this type of winding and ventilation the curve in
Fig. 10 would have been much steeper, or in other words
the ratio of the mean temperature to the surface tempera-
ture would have been greater. With regard to Fig. 8 and
the discrepancy between the temperatures recorded by
thermo-couples and by mercury thermometers on the
surfaces of the coils, I suggest that this is due to local
heating of the mercury in the bulb due to eddy currents,
these eddy currents being generated by the alternating
leakage field passing between the coils. With regard
to the positions of the thermo-couples, if couples 2 and 4
had been placed between the top two coils, higher
temperatures would have been recorded. These tem-
peratures would have been of more value than those
obtained, since in any piece of electrical apparatus in
which fibrous and treated insulations are used the rating
is fixed by a maximum temperature and not by a mean

FIG. A.

temperature. The temperature here would have been
greater owing to its higher position on the leg, and also
owing to more heat being present on account of eddy
currents in the copper of the coils. The eddy currents
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Mr. in the copper of these coils will be more marked owing
Thompson, to the unsymmetrical grouping of the primary coils, which

causes a heavy leakage field to cut these top two coils
and the gap between. This will be seen from Fig. A
herewith, in which the ordinates a represent the maximum
intensity of the leakage field cutt ing the end coils, and 6
that cutting the middle coils, where the author placed
his thermo-couples. T h e excess eddy currents therefore
present in the end coils is proportional to the square of
the ratio of the areas A and B. This, as will be seen,
will account for an extra rise in temperature as suggested.

Professor Professor E. W . MARCHANT (communicated): One of
Marchant ^ e mosf. important points in this paper deals with the

measurement of air flow. The accuracy of the Brabbe
tube as a means of measuring the velocity of air flow
is of considerable importance. T h e problem of accurate
measurement of flow along a short tube is not an easy
one to solve and the method adopted of baffling the ends
of the air pipe should be of value. It is well known that
the eddy currents induced in the mercury of a mercury
thermometer cause it to become heated, but it was not
anticipated that the amount of heat so produced would
be such as to double the measured temperature rise.
Mercury thermometers evidently require to be used with
great care when measuring the temperature rise on alter-
nating-current machinery. T h e use of water in the form
of fog in the cooling air is not a device which would
naturally appeal to the electrical engineer. Mr. Evershed
in his paper on insulation resistance * showed that water
was the evil genius of nearly all insulating materials,
and that when moisture was present it generally meant
bad insulation. In these experiments, however, the mois-
ture was evaporated before it came in contact with the
heated coils and there was no deposit on the surface
of the coils. T h e experiments showed that under these
conditions water does very little harm, and if for no other
reason they should be of value as tending to diminish
the suspicion with which the wet-air filter for cleaning
the air used in the cooling of machinery is still regarded.
T h e use of a spray in the air inlet for emergency purposes
when a machine has to be temporarily overrun a n d there
is a risk of burning out the insulation, is one which might
be seriously considered. A much better way of meet ing
such a contingency would be to increase the air blast ;
but this might of course be impossible in a station,
whereas the start ing of a spray would be a very simple
matter . The paper hardly indicates the amount of work
and t ime involved in its preparation. Each point on the
curves shown in Figs. 12 and 13 involved a run, under
carefully regulated conditions, of at least 2 hours and
in many cases more.

Mi\Catter- Mr. J. K. CATTERSON-SMITH (communicated): I am very
pleased to see the linear relations in Fig. 15, as it confirms
the rule universally assumed that doubling the quanti ty of
air through a transformer halves the rise of temperature.
The author's test records in Fig. 15 show that for a 2-kw.
loss a mean temperature rise of 60 degrees C. took place
with 5 7 0 cub. ft. of air per second, and a 40 degrees C.
rise with 8 7 0 cub. ft. of air per second. Now 60 X 5 7 / 8 7
= 39*3 degrees C , which confirms the validity of the above
assumption. I am not clear as to the use of the quantity

• S. EVERSHED. The characteristics of insulation resistance.
Journal I.E.E., vol. 52, p. 51, 1914.

called the constant (K). It is obvious that " cub. ft. per Mr. Catter-
second x mean temperature rise " cannot alone be a con- •on'Sm *••
stant; this is shown immediately below in the table. I
prefer the more usual " cub. ft. of air per second per kw.
loss for i degree C. temperature rise," which is nearly a
constant; this, of course, is the reason for the straight line
in Fig. 16. Values of this latter constant may be called q ;
that is q = cub. ft. of air per second used x mean tempera-
ture rise observed -£- kw. loss, and therefore for any speci-
fied rise by taking an appropriate value of q the quantity .
of air necessary = q x kw. loss -7- temperature rise in
degrees C. The values of q from the author's tests
(Fig. 15) are with 1 kw. loss as follows :—

40 degrees C. temperature rise q = 122
50 „ C. „ q=i 16
60 „ C. „ q= 100

A comparison of these figures with some of those at present
in use is of interest. Dr. Kapp * gives q = 106 for moderate
blasts and 240 for strong blasts. In ordinary commercial
practice q is often taken at 100 for large transformers of
500 or 1,000 k.v.a. ratings, whilst for smaller sizes q= 120
is ample. It is evident from these figures that the small
laboratory plant is capable of affording data on the ques-
tion of cooling which is of use when dealing with large
apparatus; and I think that Mr. Teago is to be congratu-
lated upon obtaining figures that are in accordance with
practice in this respect. Mr. Roberts f gave 100 cub. ft. of
air per minute per kw. loss for 30 degrees F. rise of the air
in its passage through a continuous-current turbo-generator
rated at 40 degrees C. mean rise, or q = 40 x 100/60 = 67,
which is much lower than that corresponding to a trans-
former, due presumably to its better heat-abstracting pro-
perties consequent upon the churning action in the
machine. It seems to me that the quantity of air used
must depend to some extent upon the distance between
the coils and the case, and I think it might prove useful
if Mr. Teago would investigate this with a view to ascer-
taining to what extent it is responsible for the change in
the quantity q which takes place at other values of the
loss. I am inclined to think that the use of " fogged " air
would be very restricted, as the risks attendant to its use in
ordinary high-tension power transformers would be far too
great, for in spite of the author's statement that the air will
not deposit water, one cannot help feeling that it might do
so one day with inevitable disastrous results. If it is
proposed to obtain some economy by the addition of
atomizing apparatus, which must occupy space, I am of
opinion that it might be found more advantageous to
install a refrigerating plant and a battery of pipes to chill
the cooling air, as was suggested in Mr. Roberts' paper. I
gave some particulars of this plant in the discussion
following that paper. The proposal is to circulate air
continuously between the cooling apparatus and the trans-
former over and over again, so that once in circulation it
may be kept in a clean and dry condition. A battery of
pipes containing the cold brine can be fitted in a space of
sectional area very little greater than that required in any
case for the air-supply ducts. It again seems possible that
the author might obtain valuable results on this cooling

• G. KAPP. " Transformers," p. 57.
t R. J. ROBERTS. The mechanical design of direct-current turbo-

generators. Journal I.E.E., vol. 48, p. 127, 1912.
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ir. Catter- process now that the measuring apparatus is available, and
on-Smith. j ^ Q U ^ i^g fo ask him to consider this proposal,
ir. Teago. Mr. F. J. TEAGO (in reply) : With regard to Mr. Frith's

remarks, I might say that these experiments were made to
obtain more definite information concerning the relation
between the quantity of air supplied and the consequent
temperature rise, and to bring forward the value of
" fogged " air as a cooling medium, rather than to justify
the air cooling of transformers. The reason why a trans-
former was chosen for the " fogged " air experiments is
that, owing to the straight air passages, the " fogged " air
has ready access to those parts which are t "> be cooled.
If the experiments had been made on a generator, for
example, the probability is that little extra cooling effect due
to the water would have been observed, the reason being
that practically all the moisture would be deposited in the
air passages in the frame. To get the water particles
into the windings, etc., the air passages must be straight
and free from obstruction.

Another point to be observed is that no matter how
perfectly the atomizing is done in the first place there is
a tendency for the water particles to coalesce, and to be
almost immediately deposited if too much water is intro-
duced into a given quantity of air.

With reference to the value of " fogged " air as a cooling
medium compared with air chilled by refrigeration, it is
advisable to keep in mind the latent heat of vaporization
of the water. This is so much more important than either
the specific heat of water vapour, or air, that it is doubtful
if a refrigerator could compete successfully, as regards cost
for equal effect, with plant designed to " fog " the air.

In regard to the value of the ratio (mean velocity)/(centre
velocity), the paper by R. Threlfall * contains the results of
experiments made to fix the value of this ratio, and there
the average value is stated to be 0*873.

The results of the present experiments indicate a higher
value for this ratio than that given by Mr. Threlfall, and it
is a very important point to notice that the investigations
by Mr. Cramp confirm this higher value. The effect of
the baffles used in the present experiments is to make the
ratio rather higher than it would be without them.

Mr. Mawson's remarks are of great interest, and his
results are very important. They, too, place the value
of the ratio (mean velocity)/(centre velocity) higher than
that given by Mr. Threlfall. In this case it must be
remembered that a square pipe was experimented on.

In regard to Mr. Atchison's remarks, I can only say
that up to the present the two transformers have never
been put in parallel on the air supply, and there has there-
fore been no opportunity of observing their behaviour in
regard to each taking its proper share of the air supplied.
It will be noticed from Fig. 1 that arrangements are made
so that it is possible to work both transformers at the same
time if desired. With reference to the ventilating ducts,
the transformer with the rectangular core has one duct, and
the one with the chamfered core has no duct. Personally,
I am of opinion that the most satisfactory air filter is the
wet type, and that those designed on the lines of the one
used by Mr. Christie at Brighton are the best of the wet
types. These have the advantage that they allow the
possibility of varying the condition of the air with respect

* R. THRELFALL. Velocities of gases in pipes. Institution of
Mechanical Engineers, Proceedings, 1904, p . 245.
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to the suspended moisture. To my mind the trouble with Mr. Teago.
free moisture is to get it into the windings, and not its
effect on the windings. If, as stated in the paper, the
"fogging" is correctly done, no moisture would be
deposited on the windings, because as soon as the particles
of water touched the windings they would be evaporated.

Dr. Worrall's policy in regard to the machines that he
mentions is justifiable since the danger of moisture lies
almost wholly in its impurities. In "fogging" the air for
use in electrical machinery it would be a simple matter to
use water free from these impurities. I must point out,
however, that the insulation did not get soaked in these
experiments ; this is borne out by the fact that when the
back of the terminal board was dried the insulation resist-
ance was 10 megohns.

With reference to Mr. Faye-Hansen's remarks about the
limiting percentage error in the readings of the velocity
head, the multiplying manometer was calibrated by
placing it in parallel with a water U-tube, the readings of
the water U-tube being very carefully taken by means of a
high-power microscope. I think a possible 1 per cent error
is an overestimate rather than an underestimate. The great
difficulties in attempting to make accurate measurements
of air flow are the oscillations of the manometer liquids
due to fluctuations in the air flow, and the effect of the
liquids sticking to the sides of the tubes. It is obvious that
the greater the sensitiveness of the manometer the more
troublesome do these things become. In the " sine " gauge
it is very doubtful if the bore of the tube approximates to
a straight line sufficiently well to permit of the magnifica-
tion of 400 being used with any real benefit, and it is quite
possible for the observation error to be larger with these
high magnifications than it would be if a comparatively
small magnification were used.

In regard to the mixture of air and water, if the air
and water are at different temperatures before being mixed
an exchange of heat will take place. Since, however, the
latent heat of vaporization of the water is the predomi-
nant factor, the exchange of heat could have but little
effect on the final result. The whole of the extra cooling
effect of the mixture can therefore be attributed to the
presence of the water particles. That the cooling effect
of air is proportional to its velocity within wide limits in
the case of electrical machinery is due to the churning of
the air. Each particle of air must come in contact with
the hot surfaces for this to be possible. The law holds,
however, for the case where air is forced through narrow
ducts even though the motion is not turbulent.

With further reference to the relation between the
quantity of air and the consequent temperature rise,
Fig. 16 shows that it is incorrect, for transformers at any
rate, to write—

cub. ft. of air per sec. X mean temperature rise -7- kw. loss
= a constant

It is correct, however, to assume that the product of
cub. ft. of air per sec. and mean temperature rise is equal
to a constant, provided that the loss remains constant.
This is important in view of the present-day practice
relating to the computation of the amount of air required
for cooling electrical machinery.

The point was raised as to the value of the ratio (mean
velocity)/(centre velocity). In Appendix V the method of
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Mr. Teago. calculating this ratio is given. On checking the calcula-
tions it was discovered that the factor rf/R had been
inadvertently omitted. The error has been corrected in
the text, and I am greatly indebted to Mr. Faye-Hansen
for drawing attention to this matter.

In answer to Mr. Bristow's question, in these experi-
ments it was only possible to observe the effect of the
variation of the inlet air temperature on the final tempera-
ture rise within the limits i4°C. and 200 C. Over this
range the correction to the final temperature rise is cer-
tainly negligible, but fuller information on this point can
be obtained by referring to some of the papers mentioned
in the bibliography.

In reply to Mr. Thompson, the reason for using core-
type transformers with sandwiched coils is that they were

already part of the transformer-room equipment and were Mr. Teago.
the most suitable of that equipment for my purpose. To
find the exact position of the maximum temperature rise
it would have been necessary to explore by means of the
thermo-couples the whole of the exterior surface. A
complete survey on these lines would have been interesting,
but a knowledge of the maximum temperature rise would
not, in itself, have helped the investigation.

With reference to Mr. Catterson-Smith's remarks, as
pointed out in my reply to Mr. Faye-Hansen Fig. 16 shows
that in the present case at all events q is not a constant.
K, the product (cub. ft. of air per sec.) X (mean temperature
rise), is almost constant, however, if the watts loss remains
constant. Thus the use of a line such as that shown in
Fig. 16 would be more accurate than the use of q.

ELECTRIC LIGHTING OF COTTAGES.

By W. FENNELL, Member.

(Paper first received yth November, 1913, and in final form \th March, 1914 ; read before the BIRMINGHAM LOCAL
SECTION, 25M March, 1914.)

Electricity has for so many years been looked upon by
the public—and even by electrical engineers themselves—
as a very convenient but rather expensive form of lighting,
that it requires considerable imagination, even to-day, to
contemplate the installation of electric light in hundreds
of cottages inhabited by the poorest people and rented
at say 3s. to 4s. per week.

It may, and perhaps will, be said that while electric
lighting would confer great benefits upon the tenants of
cottages by supplying a healthy light which would not
vitiate the air in already overcrowded rooms, it is not
reasonable to suppose that this can be done profitably
at a cost within the means of the consumer ; and that any
such proposal is doomed to failure, if only on the ground
that such tenants are unreliable as well as careless, and
would not properly use or appreciate the supply.

In introducing the subject, it may be well to set out the
reasons that led to the consideration of this question.
Wednesbury, like many Midland towns, is not an attrac-
tive residential area, the richer people for the most part
live outside, and the workers form nine-tenths of the
population. In developing the demand for electricity on
the usual lines, most of the larger houses and shops were
soon connected. Reduced rates for licensed premises
brought almost all these houses on the mains, and the
smaller shops followed when a free-wiring scheme was
introduced ; but not even free-wiring coupled with the
rateable value system of charge, or slot meters, induced
the £8 to ;£i8 householder generally to take a supply of
electricity. With these small consumers the convenience
of gas for cooking and the cheapness of the apparatus are
greatly in its favour. This class of consumer will not as
a rule use both electricity and gas, and has no money to
spare for the purchase of expensive cooking stoves; it is
therefore useless to expect to make much headway until
cheap electric cooking apparatus can be offered. It

appeared that the limit of the lighting demand was being
reached.

At first sight it seems to be hopeless, having failed to
reach the lower middle class, to look to the class below—
the labourer, living in a cottage. It was, however, obvious
that if this class could be catered for, a very large new
field would be opened, as there are hundreds or thousands
of these cottages and small houses in most industrial
towns. The conditions in these cottages are such that
the gas stove offers no attractions. In the first place a
fire is always burning in the living-room, and the stove
provides hot water by means of a slung pot or kettle and
has a good oven. Lighting only is required; but not
only " free wiring," but free lamps are essential. Such
consumers cannot. afford to pay at once for the wiring ;
or 2s. 8d. for a lamp ; and experience of the ^8 to £18
householder showed that unless lamps were supplied free,
the result would be the use of cheap carbon lamps,
followed by disuse of the electricity supply and the instal-
lation of gas. Again, allowing a five years' life, a slot
meter costs 10s. per annum. It is also a very unsatisfactory
article, and repairs (or loss of revenue) are heavy.

Slot meters being out of the question, and quarterly
accounts quite impossible, the author considered the possi-
bility of establishing a weekly payment system. He there
fore consulted a local tradesman doing a large weekly pay-
ment business. The report was practically as follows :—

" The poorer people are the best class of payers. A
debt of only one or two shillings is a worry to them, and
they will pay much better than the lower middle classes
who have more assurance. It will be found that they
are more easily pleased and are anxious not to give
trouble ; and as they are accustomed to weekly payments
for rent, clothes, and furniture, they usually set aside their
money regularly for this purpose before spending the
balance."


